Selection accuracy for resistance to mastitis may be increased by combining somatic cell score (SCS) and udder type into an udder health index, using genetic parameter estimates among them. A multi-trait animal model was used to estimate genetic parameters among lactation average SCS and udder type traits in South African Holstein cattle, through REML procedures. Data comprised records on 22 999 Holstein cows in 722 herds, collected through the National Milk Recording Scheme from 1996 to 2002. Average SCS in the first three lactations (SCS 1 , SCS 2 , SCS 3 ) were considered as different traits and the udder type traits were fore udder attachment (FUA), rear udder height (RUH), udder cleft (UC), udder depth (UD), fore teat length (FTL) and fore teat placement (FTP). Heritability estimates for SCS were 0.19 ± 0.02, 0.17 ± 0.02 and 0.19 ± 0.02, respectively for SCS 1 , SCS 2 and SCS 3 . Udder type traits had heritability estimates ranging from 0.13 ± 0.01 for UC to 0.34 ± 0.01 for FTL. The genetic correlations between lactation SCS ranged from 0.82 ± 0.04 to 0.99 ± 0.03 for correlations of SCS 3 with SCS 1 and SCS 2 , respectively. Genetic correlations between SCS and udder type traits were in the range -0.01 ± 0.07 between FUA and SCS 3 to -0.38 ± 0.04 between UD and SCS 1 and SCS 2 . Slow genetic progress is expected when selection is applied independently on SCS and udder type traits, due to the generally low heritability estimates. Low, shallow udders with narrowly placed teats are associated with low SCS in the South African Holstein population. _______________________________________________________________________________________
Introduction
Resistance to mastitis is one of the most important traits affecting profitability in the dairy industry and its improvement is desirable for numerous reasons (Shook, 1989) . Mastitis affects milk production and quality resulting in multiple economic losses (Colleau & Le Bihan-Duval, 1995) .
Improvement of udder health management has been accompanied by an increase in clinical mastitis cases caused by environmental bacteria in well-managed herds (Bramley, 1990; Gonzalez et al., 1990; DeGraves & Fetrow, 1993) . This may be due to developments in health care that allow immunologically inferior animals to reproduce (Dunklee et al., 1994) . Although improvement of health standards is welcome, breeding principles that have long-lasting, cumulative and permanent effects should be developed and implemented.
Direct selection for resistance to mastitis is not widely practiced primarily because of its low heritability (Amin et al., 2002; Zwald et al., 2004; Koivula et al., 2005) and the fact that mastitis incidences are difficult to measure. Somatic cell count (SCC) has been considered as the most suitable indicator trait for mastitis resistance in view of its medium to high genetic correlation with and its higher heritability than mastitis (Mrode & Swanson, 1996) . Somatic cell count is also relatively easy and inexpensive to measure and is routinely recorded in most animal recording schemes, including in South Africa. The distribution of SCC is positively skewed and its variances among groups or herds are heterogeneous (Ali & Shook, 1980) ; hence SCC is usually transformed logarithmically to somatic cell score (SCS).
The inclusion of udder conformation traits as indicator traits has been suggested as a means of improving accuracy of selection for resistance to mastitis (Rogers et al., 1991; De Jong & Lansbergen, 1996; Gengler & Groen, 1997; Mrode et al., 1998; ) . These traits are routinely measured in most animal breeding schemes. In addition, linear type traits are more heritable than mastitis incidence and SCS (Rupp & Boichard, 1999; DeGroot et al., 2002; Marie-Etancelin et al., 2005) . South African Journal of Animal Science 2008, 38 (1) © South African Society for Animal Science 2 Selection in South African Holstein cattle has been mostly on milk yield, which has a deleterious effect on udder health (Castillo-Juarez et al., 2002; Hansen et al., 2002; Koivula et al., 2005) . Serrano et al. (2003) pointed out that a fixation of alleles that diminish mastitis resistance occurs in breeds that have a long history of selection to improve milk yield. However, in South Africa, selection for milk yield may have changed the frequency of alleles that confer resistance to mastitis as a correlated response to selection on milk yield. Use of SCS to improve mastitis resistance as the only indicator trait results in low accuracy of selection which can be improved by incorporating other indicator traits such as udder type traits into the selection criteria. Genetic correlations between SCS and udder type traits are needed to properly evaluate the usefulness of selection on udder characteristics. This would help identify udder type traits that may help reduce the rate of increase of mastitis incidence associated with increase in milk yield.
The primary objective of this study was to estimate genetic parameters among SCS and udder type traits in order to enable more accurate selection for improved udder health in South African Holstein cattle.
Materials and Methods
Traits analysed were SCS for the first three lactations (SCS 1 , SCS 2 and SCS 3 ) and udder type traits (fore udder attachment, rear udder height, udder cleft, udder depth, fore teat length and fore teat placement). Fore udder attachment (FUA) and udder cleft (UC) affect the extent to which the udder can be damaged and the ease with which it can be handled during milking. Rear udder height (RUH) and udder depth (UD) influence the risk of udder infection through contact with the ground. Fore teat placement (FTP) and fore teat length (FTL) affect the ease of machine-milking and milking speed, which may have an effect on risk of infection. Udder type traits were classified by 45 different classifiers on cows in their first lactation, on a linear biological scale of one to nine. These cows were aged between 17 and 39 months at calving and between 20 and 45 months at classification. Average age at calving was 28.46 months with a standard deviation of 4.12 months, while age at classification averaged 32.12 months with a 4.65 standard deviation. The biological extremes and illustrations of udder type traits are shown in Table 1 and Appendix I, respectively. The original data set, comprising test day records for the first three lactations, was edited to remove animals with missing birthdates, calving dates and sires. As SCC has a highly skewed distribution and its variances among populations and groups are heterogeneous, somatic cell score (SCS) was defined by a logarithmic transformation (log 10 SCC) of SCC (Ali & Shook, 1980) . Average SCS for each lactation was calculated and cows with less than four test-day SCS records per lactation were removed. Further edits were done to remove: i) test-day milk yield less than 2.5 kg and greater than 90 kg; ii) days in milk less than 150 and greater than 305 for SCS, and iii) days in milk less than 5 and greater than 300 for udder type traits at classification. Lactations less than 150 days and greater than 305 days were also not included as they are considered not to represent 'official lactations' under the standards of the South African National Improvement Scheme (Mostert et al., 2006a) .
Two seasons of calving were defined as summer (October -March) and winter (April -September). Although information on lactation number was available, a restriction was imposed on age at calving to 2006a) . Testday data were merged with udder type data. Contemporary groups for SCS were created by the concatenation of herd, year and season of calving. The udder type traits contemporary groups were created by concatenating herd, year and season of classification and classifier. Each contemporary group had at least five cows and two sires. Cows without a first lactation SCS record were removed to take into account the selection of cows which made subsequent records and to avoid selection bias. The final data set analysed is shown in Table 2 . Kovac & Groeneveld (2003) was used in the (co)variance component estimation for lactation SCS and udder type traits. A nine-trait analysis for SCS for the three lactations and the six udder type traits was conducted. The fixed effects included in the estimation for SCS and udder type traits are shown in Table 3 . 
X -indicates factor included; HYSC -herd, year, season of classification, classifier; HYS -herd, year and season of calving; AGE -age at calving; AGEPP 2 -age at calving squared; AGEC -age at classification; AGEC 2 -age at classification squared; DIM -lactation length; DIM 2 -lactation length squared; SCS 1 , SCS 2 and SCS 3 -somatic cell score for first, second and third lactations, respectively; FUA -fore udder attachment; RUH -rear udder height; UC -udder cleft; UD -udder depth; FTP -fore teat placement; FTL -fore teat length.
The mixed model equation used for the analyses is given below. Genetic trends of SCS for each breed were determined by estimating breeding values for each trait and plotting average estimated breeding value by year of birth.
Results
The structure of the data set and descriptive statistics of traits for the Holstein used in the (co)variance component estimation are shown in Tables 4. Somatic cell score had highest (5.20) and lowest (4.47) scores in third and first lactation, respectively. These averages are typical of South African herds, which generally have higher SCS levels than those in other countries with well developed dairy industries. Nearly half of the animals did not have udder type scores. The highest udder type score was 4.46 for fore teat placement, while the lowest was 6.39 for udder cleft. Heritability estimates for SCS in the first three lactations, shown in Table 5 , were in the range 0.17 ± 0.02 for SCS 2 to 0.19 ± 0.02 for SCS 1 and SCS 3 . Estimates for udder type traits ranged from 0.13 ± 0.01 for udder cleft to 0.34 ± 0.01 for fore teat length. These are shown Table 6 .
The genetic correlations among lactational SCS were all generally high and are shown in The genetic correlations among udder type traits are shown in Table 6 . Udder cleft and rear udder height had the highest correlation of 0.72 ± 0.03. Fore teat length had the lowest correlations with other udder type traits, ranging from very low (-0.002 ± 0.01) to -0.23 ± 0.01 with udder cleft and fore teat placement, respectively. The genetic correlations between udder type traits and SCS for the three lactations are shown in Table 7 . Correlations ranged from -0.01 ± 0.07 between fore udder attachment and SCS in third lactation, to -0.38 ± 0.04 between udder depth and SCS in second and third lactation. Figure 1 shows genetic trends for lactation SCS and the phenotypic trend for average SCS across lactations in Holstein cows. The estimated breeding values (EBV) for lactation SCS increased from 1988 to 1999 at an average rate of 0.01 SCS per year. During the same period, the phenotypic trend decreased at an average rate of 0.11 SCS per year.
Figure 1
Genetic trends for lactation somatic cell score and phenotypic trend for across lactations average somatic cell score in Holstein cows.
(EBV -estimated breeding value; SCS1, SCS2 and SCS3 -somatic cell score in first, second and third lactations, respectively).
The genetic trends for udder type traits are shown in Figures 2.1 to 2.6. Average estimated breeding values for all udder type traits were relatively constant from 1985 to 1991 after which they increased gradually until 1999. An exception was for fore teat length which decreased from 1985 to 1996 and then increased until 1999.
Discussion
The results of this study reflect the generally low heritability of SCS, in agreement with other studies (Poso & Mantysaari, 1996; Boettcher et al., 1998) . In general, the results are similar to those obtained using SCS averages but higher than those from individual test-day models. The low heritability of SCS will result in slow response to selection for resistance to mastitis. This will be further slowed down by the less than perfect genetic correlation between SCS and mastitis (Koivula et al., 2005) , when SCS is used as the only indicator trait. Including udder type traits in the selection criterion may help increase its accuracy of selection.
The correlations were similar to those reported by Reents et al. (1995) , Boettcher et al. (1998) , Carlen et al. (2004) and Mostert et al. (2004) . However, Poso & Mantysaari (1996) and Mrode & Swanson (2003) obtained lower correlations for lactation one with lactations two and three. Higher correlations observed between adjacent lactations may be due to adjacent lactations being under the control of more common genes. Somatic cell scores in second and third lactations can be considered as repeated measures of the same trait. The heritability estimates of udder type traits obtained in this study compared well with those obtained recently in the same population (Setati et al., 2004; Theron & Mostert, 2004) as well as in several other studies (Weigel et al., 1997; Boettcher et al., 1998; Fuerst-Waltl et al., 1998) . Perez-Cabal & Alenda (2002) obtained much lower correlations for udder cleft, fore teat length and fore udder attachment. Udder type traits exhibit low to moderate heritability in South African Holstein cattle. This implies that slight genetic change may be achieved when selection is applied on these traits, which may help improve mastitis resistance.
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Most of the genetic correlations among udder type traits compared favourably with those of Boettcher et al. (1998) . Correlations were generally higher than those reported in most previous studies (Harris et al., 1992; Rogers, 1996; Sorensen et al., 2000) . The variation in these correlations shows differences in the interaction of genes coding for the different traits and differences in selection pressures applied. Traits that had high correlations were: i) fore udder attachment and udder depth; ii) fore udder attachment and udder cleft, and iii) rear udder height and udder cleft. Selection on one trait is expected to result in genetic change in another with which it is highly correlated. Thus, the number of traits in the selection criteria for mastitis resistance can be optimized, using these correlations, to achieve maximum genetic progress.
Genetic correlations between SCS and udder type traits from the current study were generally higher than those reported recently for the South African Jersey population and most other literature estimates (Rogers et al., 1991; Zhang et al., 1994; Boettcher et al., 1998) . Estimates were, however, within the range of those obtained by Rogers (1996) , Rupp & Boichard (1999) and DeGroot et al. (2002) .
The results suggest that deep, loosely attached udders are associated with high SCS. This may be due to the fact that deeper udders are more prone to injury due to their relative position. Narrowly placed front teats are associated with low somatic cells, probably because of easy handling during machine-milking. The correlation between teat length and SCS is similar to that obtained by Rogers et al. (1991) , who suggested that longer teats are prone to injury due to housing, handling and milking machine incompatibility.
The increase in genetic trends for SCS indicates a deterioration in resistance to mastitis. These trends may be a correlated response to intense selection for increased milk yield, which has remarkably increased genetic merit for milk yield in the past two decades Mostert et al., 2006b) . Intense selection for milk yield causes an unfavourable response in udder health (Castillo-Juarez et al., 2002; Hansen et al., 2002; Koivula et al., 2005) . Furthermore, the direction of selection of rear udder height and udder cleft may have resulted in increased SCS. This is supported by the increase in the scores of these udder type traits. Their correlations with SCS may be low to moderate, but their long term effect might have been notable.
The decrease in milk SCC may be attributable to improved udder health management. Such improvements in management are, however, not sustainable if they are counteracted by a deterioration in genetic merit, shown by the increasing genetic trend of SCS. These improvements allow immunologically inferior animals to reproduce (Dunklee et al., 1994) . South African Holstein Breeders and producers are, however, not aware of the deterioration in udder health at genetic level as this has not been demonstrated in any previous study.
The genetic trends of udder type traits are similar to those obtained by Theron & Mostert (2004) on the same breed. During the period after 1992 Holstein cows progressively had more tightly attached, higher, shallower udders with more pronounced udder clefts. Front teats were progressively becoming more narrowly placed. Teat lengths were reduced until probably when the breeders realized that they were becoming too short, then after 1995 teat lengths became longer.
The trends of some traits may have resulted from selection for higher milk production. Harris et al. (1992) pointed out that selection to improve milk production is likely to increase udder dimension and weaken fore udder attachment and depth. Genetic trends for udder type traits followed clearly discernible trends over the years, showing how responsive they are to selection. This suggests that changes can be expected if selection is carried out on some of these traits, which may also bring about correlated improvement in susceptibility to mastitis.
Conclusions
Genetic parameters obtained in this study form the basis for combining SCS and udder type traits to calculate genetic predictions for resistance to mastitis, using an udder health index, in South African Holstein cattle. Further research needs to be carried out to determine which traits may be included in such an index and the relative emphasis of each trait in the index. The improving phenotypic trend for SCS, despite a deterioration in genetic merit for resistance to mastitis, underscores the need to genetically improve udder health in South African Holstein cattle.
